Abstract: Endoscopy has a central role in the management of inflammatory bowel disease (IBD), providing crucial data for diagnostic and therapeutic decisions, treating diseaserelated complications, and assisting in the early detection of dysplasia and prevention of colorectal cancer in the setting of IBD. Treatment targets have significantly shifted in IBD, focusing on achieving mucosal healing, a more meaningful endpoint than clinical remission. With the emergence of novel therapies, we aim to alter the course of the disease and prevent irreversible damage to the bowel. To that end, obtaining reliable and reproducible assessments of endoscopic disease activity has become an issue of great importance. Although several guidelines include recommendations regarding endoscopic surveillance in patients with long-standing IBD, there is an open debate regarding the best examination method and the appropriate follow-up intervals. Another important issue is whether surveillance guidelines are actually implemented in real-life practice and what is the preferred surveillance method among endoscopists. Significant changes have occurred in the endoscopic world with the development of new diagnostic and therapeutic modalities and their incorporation in everyday practice. We aimed to assess the real-life application of guideline recommendations regarding endoscopy in IBD patients and to review newly emerged data which might impact these recommendations in the near future.
Introduction
The role of endoscopic examination of the bowel in the management of inflammatory bowel disease (IBD) has evolved continuously ever since the first description of the utility of sigmoidoscopy for the diagnostic work up and subsequent follow up of patients in the pivotal trial of Truelove and Witts. 1 Currently, endoscopy plays a central part in the care for the IBD patient at multiple stages, providing diagnostic and prognostic data, guiding medical and surgical therapy, treating disease-related complications, and assisting in the early detection of dysplasia and prevention of colorectal cancer in the setting of IBD. The fastpaced changes in the endoscopic world have been mirrored by equally rapid paradigm shifts in the therapeutic approach to IBD, with the introduction of multiple biologic therapies altering the natural history of the disease. There has been a lag between the development of these new diagnostic and therapeutic endoscopic modalities and their incorporation in everyday practice as well as their uptake in guideline recommendations. In our paper, we aimed to assess the real-life application of guideline recommendations regarding endoscopy in IBD patients and to review newly emerged data that might affect these recommendations in the near future.
Clinical and research consequences
Diagnosing IBD Endoscopic examination is an essential part of the diagnostic work up for all patients with suspected IBD, and the European Crohn's and Colitis Organization (ECCO) guidelines state that ileocolonoscopy with biopsies is the preferred method to confirm the diagnosis and allow an accurate assessment of disease extent and severity. 2 Despite the high diagnostic accuracy of endoscopy, which can be further enhanced by histopathological examination of biopsies adequately sampling all the examined bowel segments, a minority of cases will remain undifferentiated at the index examination, while other patients will be reclassified over time [i.e. from Crohn's disease (CD) to ulcerative colitis (UC) and vice versa]. Establishing the right diagnosis is of the utmost importance owing to the differences in the therapeutic approach between CD and UC; ECCO guidelines currently recommend repeat endoscopy and additional biopsies as a means to enhance the diagnostic yield for cases where a definite diagnosis cannot be established after the initial evaluation. There is limited data to challenge or expand the guideline recommendations in this particular area. The first (index) ileocolonoscopy has the best accuracy for distinguishing between UC and CD of the colon, as medical therapy can change the endoscopic appearance of the bowel, especially in the setting of incomplete mucosal healing. Differentiating between the two types of IBD is usually easy if there is extracolonic involvement. At least 20-30% of CD patients 3 present with lesions located proximally to the ileocecal valve, possibly out of the reach of the colonoscope and in 13% of cases the disease occurs in the upper gastrointestinal tract. 4 The involvement of terminal ileum, once considered a hallmark for CD, may be present as 'backwash ileitis' in 10-25% of patients with established UC. 5, 6 In this instances, techniques such as video capsule endoscopy (CE), confocal laser endomicroscopy (CLE), or small-bowel endoscopy (SBE) could be helpful in clarifying the diagnosis. A recent metaanalysis 6 showed that CE found more intestinal lesions compared with computed tomography enterography (68% versus 21%, p < 0.00001) and ileocolonoscopy (47% versus 25%, p = 0.009), but not magnetic resonance enterography (55% versus 45%, p = 0.43).
Assessing disease activity
Reliable and reproducible assessment of endoscopic disease activity has become an issue of paramount importance ever since mucosal healing has been shown to be a strong predictor of long-term patient outcome, 7, 8 making it an important outcome measure in many studies. 9, 10 The ECCO guidelines for endoscopy in IBD suggest that the Ulcerative Colitis Endoscopic Index of Severity (UCEIS), the Ulcerative Colitis Colonoscopic Index of Severity (UCCIS), or the Mayo endoscopic score could be used for the assessment of disease severity in UC, whereas the Simple Endoscopic Score for Crohn's Disease (SESCD) or the Crohn's Disease Endoscopic Index of Severity (CDEIS) could be used for CD; however, the guidelines recognize the fact that these instruments are rarely used outside of clinical trials. 2 Several limitations of these tools have been underlined, including the lack of formal validation for most of these scores, the lack of a clearcut definition of mucosal healing or remission, as well as the fact that applying these scores in real life is time-consuming and cumbersome for the endoscopist.
Following the FDA recommendations 11 on establishing relevant endpoints, recent studies include patient-reported outcomes and clinician-reported outcomes based on endoscopy and histology assessment. However, two recent Cochrane systematic reviews of the endoscopic activity scores for UC 12 and CD 13 found that none of the evaluated scores were fully validated according to existing methodological norms. The reviews focused on outcomes such as reliability (intra-rater and inter-rater), validity (content, construct, criterion), responsiveness and feasibility and confirmed that the five scores endorsed by the ECCO guidelines (UCCIS, UCEIS, and Mayo score for UC, SESCD and CDEIS for CD) had been studied extensively, but required further research before full validation could be confirmed.
Although not discussed explicitly in most endoscopy guidelines, it is important to underline the fact that the assessment of disease activity in UC is dependent on the type of examination performed. Although colonoscopy with biopsies from the entire colon is usually carried out at index evaluation, many patients and physicians prefer to conduct follow-up examinations using less-invasive modalities such as sigmoidoscopy or CE.
The post hoc analysis of endoscopic examinations from the EUCALYPTUS trial of etrolizumab in UC demonstrated that using only rectosigmoidoscopy to confirm mucosal healing was associated with a risk of underestimating disease activity journals.sagepub.com/home/tag 3 and overestimating treatment efficacy, especially if a nonstrict definition of MH with a Mayo endoscopic subscore of 0 or 1 was applied. 14 These findings are similar to those from the older study of Kato et al. 15 that demonstrated that up to 27% of patients with UC colonoscopy showed more severe lesions situated in the descending colon compared with the sigmoid or rectum.
Guiding therapy
Ileocolonoscopy is the prime tool in diagnosing IBD and should be performed before initiation of any medical therapy. 16 Routine endoscopy for patients in clinical remission is not recommended by current guidelines, unless it is likely to change patient management. In patients requiring a significant change to medical therapy, endoscopic reassessment is indicated.
Treatment strategies in IBD are mainly based on the severity, distribution, and pattern of disease. ECCO guidelines state that choice of treatment is determined by extension of disease, disease course, failure and adverse events of previous treatment, severity of the most recent flare, safety of treatment, and cancer prevention. 17 Even with novel therapies, there are significant unmet needs in the current management of IBD, almost half of patients having no response to therapy. 18 As a consequence, personalized care of the IBD patient and guided therapy to specific clinical settings have become common practice. 19 For example, in recent studies 20 one of the targets in the management of CD is to change the natural history of the disease by early introduction of biologic therapy for patients with a poor prognosis (young age, extensive disease, perianal disease, needing initial treatment with steroids). In the past, therapeutic decisions were symptom-based and focused on achieving clinical remission, usually failing to change the course of disease. In contrast, use of biologics/immunosuppressants early in the course of the disease, known as the top-down approach seems to improve long-term outcomes by altering the natural course of the disease and preventing irreversible damage to the bowel. 21 High postoperative recurrence rates remain an important issue in patients with CD. Identifying individuals at high risk (smoking, prior intestinal surgery, penetrating disease, perianal location, myenteric plexitis) 22 of endoscopic recurrence is now the mainstay of preventing clinical recurrence of CD. 23 Current ECCO guidelines recommend postoperative endoscopy 6-12 months after surgery and treatment initiation in patients with high-risk features either with thiopurines or anti-tumor necrosis factor (TNF) agents for patients with at least one risk factor for postoperative recurrence, although mesalazine or imidazole antibiotics could also constitute an option for a subset of patients. 24 Thiopurine therapy is associated with reduced risk of a first surgical intervention and recent data suggest that systematic azathioprine (AZA) therapy is not superior to endoscopic-driven treatment. 25 In the study by 27 where use of CE for assessment of symptomatic CD, UC/IBD-unclassified, or suspected IBD in pediatric patients was associated with improved outcomes (growth and mean body mass index, mean erythrocyte sedimentation rate, median Harvey-Bradshaw index improvement). However, subtle lesions can be difficult to detect with CE, a study by Rimbas et al. 28 suggesting that adding virtual chromoendoscopy (VCE) techniques such as flexible spectral imaging color enhancement (FICE) to CE could improve the evaluation of true ulcerative lesions (16.5% accuracy improvement when compared with white light endoscopy).
We believe that CE might have a role as a tool in 'the treat to target' approach to patients ( Figure  1 ). The concept of pan endoscopy for evaluation of CD evolution was first proven by using Pillcam colon 2 capsules. In selected populations of postintestinal resection, patients reluctant to colonoscopy or patients with predominant small bowel disease where calprotectin levels might not reflect the disease activity, the new Crohn ® capsule, which has a dedicated software that allows easy comparisons between successive examinations, might be the right tool to monitor or to assess response to treatment. Adjustment of therapy might then be made more easily based on biomarkers and capsule examination, one major drawback being the price of the investigation and the fact that it is not reimbursed. Capsule retention remains the most relevant procedure-related complication, with the risk of capsule retention increasing from 1% to 2% (non-IBD patients) up to over 10% in confirmed IBD patients. 29 Treatment targets have shifted significantly in IBD, focusing on achieving mucosal healing, a more meaningful endpoint than clinical remission, as it is associated with a reduction in complications, hospitalizations, and surgery. In the past, response was primarily based on clinical symptoms, which did not always correlate with endoscopic findings of disease activity that have been shown to predict aggressive disease and need for surgery. 30 As a consequence, to optimize long-term outcomes, mucosal healing was proposed as a more relevant therapeutic endpoint. 31 Currently, there is no universally validated definition of what constitutes mucosal healing in IBD, particularly in CD. Recent reports from Western countries defined mucosal healing in UC as a Mayo endoscopic subscore of 0 (inactive disease) or 1 (mild disease); 16 however, in CD, consensus is lacking with respect to the definition of mucosal healing.
Cancer surveillance
Endoscopic surveillance in patients with longstanding IBD is aimed at early detection of neoplastic lesions and colorectal cancer prevention in a high-risk population. Although several guidelines include recommendations regarding endoscopic surveillance of IBD patients, there is an open debate regarding the best examination method and the appropriate follow-up intervals, reflected in the significant differences between various guidelines (Table 1 ). The key points of contention refer to the use of advanced imaging techniques such as classic dye chromoendoscopy (DCE) and VCE, tissue sampling (random versus targeted biopsies), and risk stratification with regard to the appropriate follow-up interval. Interpreting data from the guidelines is very difficult, especially because the rapid pace of technological development, especially the uptake of high-definition white light endoscopy (HD WLE) and the development and subsequent improvement of VCE over a relatively short period of time has introduced an inherent technological bias in the interpretation of available data in the literature.
Although most guidelines 16 preferentially recommend the use of classic DCE with targeted biopsies for surveillance of IBD patients, a large multicenter retrospective study failed to prove its advantage over HD WLE with targeted biopsies in detecting neoplastic lesions. 37 These data are partially supported by the findings from another large retrospective study, 38 which showed that targeted biopsy protocols using HD WLE, DCE, or VCE have superior diagnostic yields to random biopsy protocols, especially in standard definition WLE, but failed to show the superiority of DCE over either VCE or HD WLE. The findings of these studies need to be interpreted carefully, because the main outcome measure was not a comparison between DCE and HD WLE; however, both these large audits show that any existing advantage of DCE is hard to demonstrate in a real-life setting. Furthermore, both these studies reflect the high variability between operators and centers with respect to surveillance strategies for IBD patients.
With respect to the use of targeted biopsies versus random biopsy protocols, as shown in Table 1 , most guidelines 16, 32, 33 favor chromoendoscopy with targeted biopsies and endorse the random biopsy protocol as a second-line option, especially in case of low expertise with advanced imaging modalities. These recommendations have been recently called into question by a large trial of 1000 surveillance endoscopies in IBD, which showed that although DCE with targeted biopsies had a good diagnostic yield, adding a four-quadrant random biopsy protocol resulted in a nonnegligible increase in detected lesions, amounting to 12.8% per patient with dysplasia. 39 Furthermore, dysplasia detected by random biopsies was associated with a personal history of neoplasia, a tubular appearing colon and the presence of primary sclerosing cholangitis, all of which are known risk factors for CRC in the setting of IBD. This remains an area of some uncertainty, with conflicting results coming from well-designed studies. A randomized controlled trial, comparing a randombiopsy protocol to a targeted biopsy protocol with HD WLE but without DCE in all cases, showed that targeted biopsies are as effective and more cost-effective compared with random biopsies in detecting neoplasia. 40 However, it should be noted that the study protocol included one random biopsy even in the targeted-biopsy arm, taken from the rectal mucosa, which is a renowned site for invisible dysplasia. By contrast, the study by Gasia et al. 38 showed that targeted biopsies were superior to random biopsies in the detection of neoplasia in the setting of HD WLE, DCE, or VCE examinations, but not if standard definition WLE is used. It is interesting to note that the experts involved in the SCENIC Consensus (Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients: International Consensus Recommendations) 35 did not agree on the biopsies strategy: 45% considered performing random biopsies when using high-definition white-light colonoscopy, whereas 60% disagreed with performing random biopsies when using chromoendoscopy. To further complicate matters, a recent study comparing the full spectrum endoscopy (FUSE) system to the conventional forward viewing scopes showed a significant increase in diagnostic yield for the FUSE system. 41 The study used a randomized, back-to-back tandem endoscopy protocol, using either FUSE or conventional HD WLE as the first examination, followed by a switch to the other endoscopic modality coupled with DCE on the second retreat. This protocol was designed to allow comparison of detection rates both in white light and using chromoendoscopy for both treatment modalities, in an unbiased manner. Although the study is limited by the fact that it is a single-center experience with an additional potential bias being that endoscopists cannot be blinded to the study intervention, the findings however prompt further investigation into the potential role of this new technology for surveillance in IBD.
Another important issue is whether surveillance guidelines are actually implemented in real-life practice and what is the preferred surveillance method among endoscopists. A survey among French gastroenterologists working in a private practice showed that only 40% of screening colonoscopies included chromoendoscopy, with random biopsies acquired as per ECCO guideline recommendations in only 70% of cases. 42 The same survey from 2014 found out that only 10% of the colonoscopy reports included a standardized assessment of endoscopic disease activity, using one of the available endoscopic scores; although this aspect is not directly linked to the question of CRC screening, it nevertheless reflects on the overall quality of colonoscopies performed for IBD patients in this setting. An Australian survey showed that gastroenterologists were more likely than surgeons to adhere to IBD surveillance guidelines and were also more likely to use advanced imaging modalities in screening for dysplasia and CRC; however, less than 50% of respondents used DCE and only less than 10% used targeted biopsies, with a majority of respondents routinely taking between 10 and 30 random biopsies (52%). 43 The bottom line for evaluating the impact of any screening program is whether, overall, the benefits for the patient population outweigh the inherent risks of invasive screening maneuvers such as colonoscopy. A very long-term study of a surveillance program in a well-defined catchment area in Sweden demonstrated that although CRC incidence is increased in this target population, early detection of CRC and dysplasia resulted in a very low CRC-associated mortality, with only one death from CRC in the entire study cohort of over 300 patients. 44 The impact of differences in guideline recommendations with respect to follow-up intervals has been elegantly evaluated in a retrospective analysis of a Dutch surveillance cohort 45 that demonstrated the trade-off between workload (i.e. number of examinations) and detection of advanced neoplastic lesions implied by using either the BSG or AGA guidelines. Although the affect on patient-related outcomes such as CRCrelated mortality or morbidity is not quantified, the study highlights the complexity involved in opting for a particular surveillance strategy.
Conclusion
Endoscopy is increasingly being used in the management of IBD patients, both for diagnostic and therapeutic purposes. Establishing the right diagnosis and performing an accurate assessment of disease extent and severity by ileocolonoscopy remains the mainstay of therapeutic decisionmaking in many cases. High-definition endoscopy, VCE, DCE, and CE have already been incorporated in real-life practice with the aim of better characterizing disease extent and activity and allow accurate surveillance of dysplasia in these high-risk patients. However, there is an ongoing debate regarding the best examination method and appropriate follow-up intervals for colorectal cancer screening and surveillance, which is reflected in significant variations between available guidelines. Furthermore, implementation of guideline recommendations remains suboptimal in many areas, probably reflecting a discrepancy in training and practice between referral centers, driving the research and innovations in this field and endoscopists who work outside these high-volume centers.
It is the authors' view that, in light of current data and recommendations, a practical approach to CRC screening could incorporate a combination of dye-based HD WLE with targeted biopsies, reserving the use of VCE for the characterization of detected lesions (Figure 2 ). However, we acknowledge the fact that in a real-life setting, the chosen examination method and biopsy protocol is still determined by the available imaging techniques and local experience.
